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The objectives of this presentation are to:

•Identifying and characterizing DNAPL in bedrock
 -Edwards Air Force Base (AFB)
•Abiotic Dechlorination in Rock Matrices (coupled diffusion & reaction)
•Insights at Loring AFB
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1. DNAPL ARCHITECTURE & DISSOLUTION 
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Demonstration Location ‐ 
Edwards AFB  

(ESTCP 201210) 
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100 mL/min recirculation flow 
7 



 
   

 
 

 
 

 
 

 
 

 

 
 

 
 8 



 
   

Annable et al., JEE, 1998 

Compare elution of 
conservative and partitioning 

tracers (alcohols) to verify 
and quantify DNAPL 

Partitioning Tracer Testing (PTT) 
 

Applicable to Unconsolidated and Consolidated Materials 
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What Else Does This Tell Us? 

DNAPL distribution 
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   PCE Mass Distribution and Flux 

   

  149 g PCE in rock matrix  

Treating to remove DNAPL might make sense 

PCE concentration profile suggests 
back-diffusion not occurring 

2,400 g PCE as DNAPL 
in fractures 
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Bioaugmentation Results 
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Impacts of DNAPL Architecture on Treatment 
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Are such reactions occurring, can they be measured, and are they 
important for my site? 

 Matrix diffusion is a SLOW process, so even a slow dechlorination 
reaction can be significant 
 

 Several studies have focused on abiotic dechlorination reactions 
facilitated by naturally occurring ferrous minerals 

 
 

2. Rock Matrix Dechlorination Reactions 
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Diffusion Cell Experiments 
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Iodide Diffusion Results: Impact of Mineral Bedding 
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   Predicting Diffusion Based on Apparent Porosity 
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   Coupled TCE Diffusion and Reaction 
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Coupled Diffusion and Reaction of TCE through Rock 



 
   

 

 

Up to 10 months exposure at elevated TCE concentrations (200 mg/L) 
did not result in any decrease in the observed dechlorination rate constant 

 
Low stoichiometric Fe2+ consumption (<2%) 



 

 
   

Collection at the former Naval Air Warfare 
Center, Trenton, NJ, USA 
 
Core collected adjacent to fractures at 
three depth intervals 

Collect Core from within the TCE Plume 
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Groundwater Packer Sampling (µg/L) 

Groundwater Data as Screening for Potential 
Abiotic Dechlorination Reactions 

25 

Compound  49 53 83
TCE  203  463  24,800 
cis‐DCE  59  410  260 
vinyl chloride  2  31  6.2 
methane  28  31  4.8 
ethane  3.2  2.0  0.48 
ethene  ‐  3.6  ‐ 
propane  2.4  2.4  0.3 
acetylene  ‐  ‐  4.8 
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Rock minerals still able 
to dechlorinate TCE 

(similar rate constant) 

Comparison of 
TCE spiked vs. non TCE spiked 
samples in laboratory system 
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Simulated 30 years of uptake 

Dechlorination half-life = 2.1 years 
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How Important are the Reactions? 
 

 

 

 

 

 

       

 
 

 
 
 

 
 

 
 
 

 
 

 

 

TC
E 
Fl
ux

 fr
om

 M
at
ri
x 

(m
m
ol
e/
cm

2 /
s)
 



 
 
 

   

 

 

 
 

 

  

 

•Loring AFB Limestone 
 
•Batch testing showed substantial 

abiotic reactivity 

 
 

PCE Concentration (g/kg) 
 

 
 

 
 

 

          

 

Edwards AFB Granite 

Batch testing showed 
negligible abiotic reactivity 
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Next Steps - Using Intact Rock Core: 
  

 
  

~$25K lab cost (assuming core available)  
 

How Readily Can This Information Be Attained? 
Initial Screening 
  

 
  

<$100/sample   
 

 Ferrous iron in crushed rock (EPA Method SM3500-Fe B.4.c) 
~$75/sample    



 
   

 

 

3. Impacts of Matrix Diffusion and Reaction on the 
Dissolved Plume: Loring AFB – Groundwater 

 Management Zone (GMZ) 4 
GMZ 4 

fractured limestone 
complex fracture flow 
former drum disposal 
PCE (DNAPL likely) 
prior steam injection 
no groundwater data for 10 years 
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EX1                                   EX4  VEA5 EX2 QBC1 EX3 

Identify High Contaminant Flux Zones 
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Bioaugmentation to Target High PCE Flux Zone 
Tracer slug PTT 
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Chloride Generation at QBC6  
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Preliminary Assessment – Role of Matrix 
Dechlorination Reactions 
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Role of the Rock Matrix for Natural Attenuation 
of the Downgradient Dissolved Plume 

Feet downgradient 

0             200               400             600     800           1000  1200        1400 

 

 

 
 
 
 
0.8 
 
 
 
0.6 
 
 
 
0.4 
 
 
 

 
0.2 
 
 
 
0 

Fr
ac
tio

na
l D

ec
re
as
e 

in
 M

as
s D

is
ch
ar
ge

 

38 



 

Conclusions 
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